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Introduction 
Headache is a very pervasive symptom and is definitely the most common problem 
encountered by neurologists in their clinical practice. It affects an estimated 60-80% of the 
population any point in time. 
The history of headache can be traced back almost to the beginning of the history of mankind. 
The first description of headache dates back to the third millennium BC. Headache has been 
written about extensively since the time of the Babylonian civilization. Migraine headache 
and hemicrania are also discussed in the Bible. Some very famous historical figures (e.g., 
Napoleon) have been known to suffer from terrible headaches. The aim of our studies was to 
collect data on the pathophysiology of headache. 
Headache is rather frequently associated with visual symptoms, blurred vision, scotomas, 
phosphenes etc. The introduction of the concept on parallel processing of visual information 
raised the question whether in the magno- and parvocellular visual pathway were equally 
affected in all neurological, psychiatric or ophthalmological diseases. This study focused on 
the neuro-ophtalmology of headache, particularly how the whole pathomechanism effects 
functional or morphological alterations in the parvocellular or magnocellular visual pathways. 
This study attempts to provide data to the understanding the pathomechanisms of visual 
symptoms in cranial pain. Various theories have been suggested regarding the 
pathophysiology of migraine. They include the following: the neurovascular 
(trigeminovascular) theory, one of the oldest, states that intracranial vasoconstriction is 
responsible for migraine aura, and the subsequent rebound vasodilatation and activation of 
perivascular nociceptive nerves results in headache. Wolf & Arden (1996) based this theory 
on the following observations; (i) extra cranial vessels become distended and pulsatile during 
a migraine attack; (ii) stimulation of intra cranial vessels in an alert person induces headache; 
and (iii) vasoconstrictors such as ergotamine improve the headache, whereas vasodilators 
such as nitro-glycerine provoke an attack. In 1944, Leao proposed the theory of spreading 
depression to explain the mechanism of migraine with aura. This theory states that the 
threshold of neuronal excitability is altered, resulting in neuronal dysfunction. Patients with 
migraine and aura may have a state of central neuronal excitability that predisposes them to 
develop spontaneous depolarisation followed by suppression of neuronal function. In 
experimental animal studies, a noxious stimulus resulted in suppression of neuronal activity 
that spread slowly across the brain surface at a rate of 2-4 mm/min. The neurochemical basis 
of spreading depression is the release of potassium or excitatory amino acid glutamate from 
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neural tissue; this depolarizes adjacent tissue, which, in turn, releases more neurotransmitters, 
thus propagating the spreading depression. Recently, several neuroimaging studies have 
supported this hypothesis. Positron emission tomography (PET) scanning demonstrates that 
blood flow is reduced moderately during a migraine attack, but the spreading oligemia does 
not correspond to vascular territories. The oligemia itself is insufficient to cause impairment 
of function. Rather, the flow is reduced because metabolism has been reduced by the 
spreading depression. Sicuteri (1997) postulated that a state of dopaminergic hypersensitivity 
is present in patients with migraine, whereas the evidence is unconvincing (Mascia et al. 
(1998). Interest in this theory has been renewed recently. A variety of prodromal symptoms 
(e.g., yawning, irritability, nausea, vomiting) can be attributed to relative dopaminergic 
stimulation. Dopamine antagonists, such as prochlorperazine, completely relieve acute 
migraine attacks in almost 75% of cases. Another theory proposes that deficiency of 
magnesium in the brain triggers a chain of events, starting with platelet aggregation and 
glutamate release and, finally, resulting in the release of 5-HT, which is a vasoconstrictor. 
The following studies were performed 
1. To study scotopic visual spatial contrast sensitivity of healthy human volunteers in order 
to compare it to data obtained in the magnocellular (M) and parvocellular (P) neurons of 
macaque monkeys. 
2. Acute hypoxia often results in headache. In addition, hypoxia might play a role in the 
pathogenesis of primary and secondary headaches. We attempted to study the effect of 
acute hypoxic hypoxia on the visual contrast sensitivity of healthy volunteers to see 
whether the visual pathways would be affected equally. 
3. Migraine is one of the most characteristic causes of headache. Migraineous headache is 
typically associated with a series of visual symptoms. We studied the photopic and 
scotopic visual contrast sensitivity of migraine patients without aura to collect data on the 
function of parallel visual pathways. 
4. Empty sella syndrome could be asymptomatic or it may be accompanied by various 
ophthalmological, endocrine or neurological symptoms, including headache. Because of 
the wide variety of visual symptoms reported in this diagnostic entity we studied 
ophthalmological signs of empty sella patients to see the common elements that could 
clarify the pathogenesis of headache. 
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Methods 
Visual contrast sensitivity (CS) 
Monocular static and dynamic CSs were measured at nine spacial frequencies (SF) (0.5, 1.2. 
1.9, 2.9, 3.6, 4.8, 5.7, 7.2 and 14.3 c/deg) with a computerised test (Venus, NeuroScientific 
Corporation, USA). Stimuli were luminance contrast horizontal gratings with a sinusoidal 
luminance profile. For the dynamic test the pattern was reversed at a temporal frequency (TF) 
of 4, 8, and 16 Hz. The display subtended a visual angle of 13° x 13° and was viewed from a 
distance of 1 m. The background luminance was 
17 cd/m. The maximum contrast was 
70.7%. We used the following method for the measurement of contrast thresholds. First, the 
contrast was set at 15 dB above the mean normal value. The participants were all able to 
detect this submaximal contrast level. The contrast level was then decreased by 3 dB every 5 s 
until the subjects detected the stimulus (descending method). Then, contrast was set at 15 dB 
below the threshold measured with the descending method. For the ascending method, the 
contrast was increased by 3 dB every 5 s until subjects detected the stimulus. The whole 
procedure was repeated five times to obtain a mean contrast threshold at a given SF. The CS 
was defined as the reciprocal of the contrast threshold (Robson et al. 1966, Campbell et al. 
1983). The sequences of the descending and ascending methods, the SFs tested and the static 
versus dynamic tests were counterbalanced across the subjects. In previous studies including 
clinical populations and normal control subjects, data obtained with this quick method were 
highly comparable to VCS values obtained with a more prolonged two-altemative forced 
choice staircase method (Kéri et al. 1999). 
Statistical evaluation was carried out by means of ANOVA and post-hoc analysis with the 
STATISTICA program. 
Visual evoked potentials (VEPs) 
Venus visual stimulator was used to control the contrast and spatial frequency of the stimulus 
patterns. Sinusoidal gratings were generated on a computer monitor. Six spatial frequencies, 
ranging from 0.5 to 8.0 c/deg, were then presented in a random order to each subject. The 
stimulus rate was 4.0 Hz (reversals/s). The mean luminance of the TV monitor was 9 cd/m . 
The mean luminance was changed with the help of a set of neutral density filters with 
decreasing transparency. The actual luminance was calculated by taking into account the 
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luminance of the monitor and the transparency of the filter. The area of the display was 
rectangular and subtended a visual angle of 10.6° x 6.9° of at a viewing distance of 100 cm. 
Subjects were seated comfortably and were asked to keep their eyes on the central fixation 
point. 
For recordings, silver-silver chloride electrodes were applied to the scalp with 
collodion. The electrode impedance was kept below 5 kQ. The VEP was recorded from a 
mid-occipital electrode (2.5 above the inion) against a reference electrode placed on the 
linked earlobes. Grounding was out on the forehead. Electrical signals were amplified in a 
bandwidth of 0.5-100 Hz. The biological signals were analysed by a Venus signal processor 
system. The analog data were digitized at a sampling rate of 1000 Hz and 75 samples of 1 s 
epochs were averaged. The averaged response was then subjected to fast Fourier transforms, 
which yielded the amplitude and the phase lag of the second harmonic response to the 
stimulation. 
In order to investigate the scotopic and photopic visual functions, the CS and VEP procedures 
were repeated at three luminance levels: 9, 0.9 and 0.09 cd/m . Decreasing of the mean 
luminance was achieved by using neutral density filters with decreasing transparency. There 
was an adaptation interval of 20 minutes to each luminance level. 
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Study 1. 
Human scotopic contrast sensitivity: A comparison of psychophysical and 
electrophysiological data 
Abstract 
Static and dynamic contrast sensitivities (CSs) and steady-state visual evoked 
potentials (VEPs) were measured in photopic and scotopic conditions in 18 healthy 
volunteers. Results from the CS experiment indicated that the inclusion of temporal 
modulation and the application of scotopic luminance levels uniformly resulted in a relative 
increased sensitivity for low spatial frequencies. Similarly, the analysis of the second 
harmonic component of VEPs demonstrated a shift from band-pass to low-pass functions. 
These results indicate that in scotopic conditions, human visuo-spatial processing is 
characteristically predominated by the functional activity of magnocellular pathways. 
Introduction 
The existence of separate visual pathways in the primate brain has been proved by 
both anatomical and physiological methods (for reviews see Lennie 1980 and Shapley 1990). 
The importance of the parallel visual pathways has been accentuated by reports that certain 
human pathological processes damage selectively either the magnocellular or the 
parvocellular pathway (Bassi & Lehmkuhle 1990; Barnard et al. 1998; Demb et al. 1998; 
Steinman et al. 1998; Vogt et al. 1998; Vidyasagar & Pammer 1999). Several attempts have 
been made to clarify the human magnocellular functions. Various techniques and 
mathematical procedures have been used to assess the relative contributions from the 
underlying neural mechanisms (Conte et al. 1983; Thompson & Drasdo 1992; Baseler et al. 
1995; Klistorner et al. 1997; Valberg & Rudvin 1997). Similarly, specific stimulation 
techniques have been introduced. Thus, apparent movement stimulation and motion onset 
stimulation have been employed in some physiological and clinical studies (Kubova et al. 
1995; Tobimatsu et al. 1995). Likewise, light flickering at high frequency and low-contrast 
has been repeatedly used to distinguish between magnocellular and parvocellular functions 
(Regan et al. 1973, 1989, Nakayama & Mackeben 1982; Kulikowski et al. 1991, Fiorentini et 
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al. 1991, Regan & Lee 1993; Klistorner et al. 1997). Nonetheless, it seems that a sensitive and 
elective method for the detection of magnocellular function and damage is still not available. 
The parallel processing of visual signals under photopic and scotopic conditions was 
suggested in the duplicity theory of Schultze (1866). Further anatomical evidence is available 
that the parvocellular pathway contributes weakly to night vision in primates (Hassler 1966). 
Recent physiological data revealed the characteristic contrast gain and temporal integration 
signatures of the magnocellular and the parvocellular pathways. In 1986 Purpura et al. 
reported that low-contrast spatial frequency (SF) light stimuli at scotopic luminance levels 
stimulate exclusively magnocellular ganglion cells in the monkey retina. In other laboratories 
this finding has been either verified or disputed (Kremers et al. 1992; Lee et al. 1993). In spite 
of the extensive laboratory research, scotopic stimulation has not been introduced into studies 
of human magnocellular pathologies. There are two major caveats that generally discourage 
investigators from the application of scotopic visual sensitivity in the study of magnocellular 
functions. First, the convergence of rod and cone signals on both parvocellular and 
magnocellular ganglion cells have been repeatedly reported (Enroth-Cugell et al. 1977, 
Gouras & Link 1966). Second, Lennie & Fairchild (1994) found that scotopic acuity over a 
range of eccentricities is much better than can be predicted by the distribution mosaic of 
magnocellular cells there. In contrast. Drum et al. (1986) and Glovinsky et al. (1992) 
described a decreased scotopic sensitivity in patients suffering from glaucoma, which is 
considered to be a disease that might exert a selective damage on the magnocellular neurons. 
In the present study we have investigated human photopic and scotopic contrast 
sensitivity (CS) functions in healthy volunteers with good sight. We employed two methods 
to approach this question. First, the introduction of computer-based measurements of CSs 
afforded a possibility of investigating scotopic contrast sensitivity automatically and reliably 
under both static and dynamic conditions. Further, steady state visual evoked potentials 
(VEPs) were elicited by rapid repetitive stimulation. The second harmonic component of 
these steady-state VEPs is regarded as a hallmark of visual function (Regan 1989; Bodis-
Wollner et al. 1986). They might serve as a tool for the objective measurement of human 
spatial frequency sensitivity. Steady-state VEPs have never been recorded under scotopic 
conditions, although scotopic transient pattern-reversal VEPs has recently been described 
(Benedek et al. 1993). The results obtained by means of the psychophysical and 
electrophysiological methods can be used for a comparison with physiological data obtained 
in single-unit recording experiments/£DE ^ ^ X 
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Subjects 
Eighteen healthy adults (10 males and 8 females) ranging in age from 18 to 30 years served as 
subjects for the VEP study. Ten subjects (6 males and 4 females) participated in the CS 
experiment. All had a corrected Snellen visual acuity of 1.0 or better. 
Results 
Visual contrast sensitivity 
Raw data were logio transformed. A 3 (luminance level) x 4 (TF) x 9 (SF) ANOVA was 
conducted on the log-transformed CS data. Type II errors were controlled with the 
Greenhause-Geisser correction. There were significant main effects of luminance level 
(F(2,27)=491.35, p<0.0001), TF (F(2,61)=237.69, p<0.0001), and SF (F(2,64)=822.80, 
p<0.0001). All the two-way interactions were significant (F>9, p<0.0001). In addition, we 
obtained a luminance level by TF by SF interaction (F(48, 648)=6.16, p<0.0001). 
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Fig. 1. Photopic and scotopic contrast sensitivity functions of healthy human subjects. The 
figure shows mean sensitivity values at 9 spatial and 4 temporal frequencies set at 3 
luminance levels. SF - spatial frequency, circles - 9 cd/m2, filled squares - 0.9 cd/m2, triangles 
- 0.09 cd/m2. Different temporal frequencies are presented in separate graphs. The ordinates 
of the graphs relate to spatial frequencies in c/deg. 
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As Fig 1 shows, under static and photopic conditions the contrast sensitivity revealed band-
pass characteristics. Decrease of the overall luminance to the scotopic level shifted the peak 
values to lower spatial frequencies with a peak at around 1.2 c/deg. Increase of the TF 
similarly abolished the band-pass character of the photopic function. At SFs of 8 Hz and 
above, all curves showed the same relative preference to low SFs as under static scotopic 
conditions. 
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Fig. 2. Tuning functions at 4 temporal frequencies and 3 luminance levels. Tuning functions 
were calculated as the ratios of contrast sensitivities measured at 2.9 c/deg and 0.5 c/deg. 
Abscissa: temporal frequencies as shown by symbols. 
Tuning functions were defined as ratios of log CCs measured at 2.9 and 0.5 c/deg. A 
luminance level by TF ANOVA indicated main effects of the luminance level (F(2,27)=44.54, 
pO.OOOl) and TF (F(3,81)=123.73, pO.OOOl). The two-way interaction was also significant 
(F(6,81)=10.73, pO.OOOl). Tukey's HSD tests demonstrated significant differences between 
the tuning functions determined at the three luminance levels (p<0.05), with the exception of 
the highest TF (16 Hz) (Fig. 2). 
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Fig. 3. Top: steady-state visual evoked potentials in response to a temporal frequency of 1/s at 
a spatial frequency of 1 c/deg under photopic (left) and scotopic (right) circumstances. 
Abscissa: time, in ms. Ordinate: voltage, in pV. Bottom: Fourier spectra of steady-state visual 
evoked potentials recorded under photopic (left) and scotopic (right) circumstances. 
Shadowed areas indicate variances. Im and Re indicate the imaginary and real axis, 
respectively, in pV. 
Steady-state VEP 
A luminance level by SF ANOVA conducted on the VEP amplitudes indicated 
significant main effects of the luminance level (F(l,18)=27.36, pO.OOl) and SF 
(F(5,90)=25.47, pO.OOOl). The two-way interaction was significant (F(5,90)=13.63, 
p<0.0001). The post hoc tests (Tukey's HSD) demonstrated reduced amplitudes in the 
scotopic condition (p<0.05). Within-condition comparisons revealed that the amplitude 
measured at the lowest SF in the scotopic condition was higher than the scotopic amplitudes 
for higher SFs (p<0.05) (Fig. 3, 4). The amplitude value at the lowest SF was also 
significantly higher than the predetermined noise level (p<0.01). 
14 
9 cd/m2 0.09 cd/m2 
• 1 c/d 
A 3 c/d 
• 5 c/d 
• 6 c/d 
+ 7 c/d 
* 8 c/d 
Fig. 4. Mean amplitudes (pV) of the steady-state visual evoked potentials as a function of 
spatial frequency in the 18 experimental subjects. The amplitude of the second harmonic 
responses of the Fourier spectra obtained in each recording was used in calculating the 
statistical values. Error bars indicate standard deviations, and boxes indicate standard errors. 
Abscissa: spatial frequencies as shown by symbols. 
Discussion 
In the experiments described above, both the psychophysical CS functions and the 
Fourier transformation values of the steady-state VEPs revealed characteristic differences 
between the photopic and scotopic visual functions. The effect of decreasing luminance on the 
CS curves measured for sinusoidal gratings was twofold. First, the CS decreased as the 
luminance was decreased. Second, the shape changed from a band-pass to a low-pass 
characteristic. These observations conform well to the results published in the literature (Patel 
1966; Daitch & Green 1969; Kulikowski 1971; Van Meeteren & Vos 1972; Kelly 1972; 
Koenderink et al. 1978, Hofmann et al. 1990; Derefeldt et al. 1979; Lundt et al. 1983). 
However, none of the above studies stressed that the photopic and scotopic CS functions 
overlap almost perfectly with the CS functions measured in the parvocellular and 
magnocellular ganglion cells. Magnocellular ganglion cells in the retina (Lennie & Fairchild 
1994), and in the dorsal lateral geniculate nucleus (Hicks et al. 1983), and cells in layer 4C 
J5 
(Hawken & Parker 1984) display a similar contrast sensitivity function to that observed in 
humans under scotopic circumstances. 
The second line of evidence for the dominant participation of the magnocellular 
pathway in scotopic vision comes from a comparison of the dynamic CS functions under 
photopic circumstances with the scotopic static CS functions. There was a relative elevation 
of low spatial frequency CS values at higher TFs measured under photopic conditions. These 
photopic dynamic CS functions were highly similar to the characteristic scotopic low-pass CS 
values recorded under both static and dynamic conditions. For example, separate post hoc 
comparisons demonstrated no significant differences between photopic CS functions at 8 Hz 
and scotopic static CS values. The strong correlation between the photopic dynamic and 
scotopic static CS functions suggests that the same neural substrate underlies both functions. 
Previous studies have demonstrated that the magnocellular pathway and its cortical projection 
sites are sensitive to low SF and high TF stimuli (for reviews see Bassi & Lehmkuhle 1990; 
Merigan & Maunsell 1993). Thus, the relative elevation of low SF values at higher TFs may 
reflect magnocellular functions. The superiority of dynamic CS in the low SF range was 
earlier confirmed by Lundt et al. (1983) and Ginsburg et al. (1984). Long & May (1992) 
suggested first that low SF channels might play an important role in dynamic visual functions, 
although they could not put forward much evidence in support of this suggestion. 
The third set of evidence for the dominant role of magnocellular activity in scotopic 
visual functions has been provided by the results of our electrophysiological experiments. The 
second harmonics of the Fourier transforms showed the band-pass and low-pass filter 
characteristics for the photopic and scotopic stimulating circumstances, respectively. Both the 
shapes of the functions and the SF maximum revealed similar characteristics in the 
psychophysiological and electrophysiological experiments. Although Fourier transformations 
of photopic steady-state VEPs have been studied repeatedly earlier, no study has been 
published on the Fourier transform of steady-state VEPs under scotopic conditions. Thus, the 
low-pass characteristics of the scotopic steady-state VEPs have not been revealed. The 
question still arises of whether the low-pass characteristics can be a consequence of a floor 
effect, as only the lowest SF stimulation caused significant 'driving' under scotopic 
conditions. However, the significant SF interaction with luminance effects in the ANOVA test 
warrants the physiological significance of the data. 
In summary, our experiments have provided psychophysical and electrophysiological 
evidence for the dominant role of magnocellular pathways in scotopic visual activity in 
humans. Our findings, together with those from single-unit animal experiments, justify the 
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introduction of scotopic tests into experimental or clinical studies with the aim of the 
estimation of magnocellular functions. The possible minor contribution of parvocellular cells 
in rod-mediated scotopic mechanisms (Kremers et al. 1993, Grunert 1997) should be borne in 
mind, although the parvocellular rod input under scotopic conditions seems rather small and 
might be neglected under clinical conditions. Similarly, the time-consuming dark-adaptation 
process might contradict the general use of the process. Nevertheless, this type of 
investigation indicates at least some preliminary clinical trials. 
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Study 2. 
Hypobaric hypoxia improves visual contrast sensitivity 
Abstract 
The effect of hypoxia on early visual functions remains a controversial area of 
research. To explore this question, we measured static and dynamic visual contrast sensitivity 
(VCS) in 14 healthy volunteers at a simulated altitude of 5500 meter. In comparison with the 
baseline condition (mean arterial oxygen saturation (AOS): 98.4%), VCS significantly 
increased after 5, 10, and 15 min of hypoxic exposure (AOS: 82,9%, 77.0%, 74.3%, 
respectively). After 10 min, this improvement was markedly pronounced under dynamic 
conditions. Returning to the baseline altitude (AOS: 97.7%), the VCS values showed recovery 
mostly in the lower spatial frequencies. There was a significant negative relationship between 
the AOS and the VCS values at low- and medium spatial frequencies (0.5-4.8 c/deg). These 
results suggest that there are some perceptual or cognitive functions that show improvement 
during acute hypoxic challenge. 
Introduction 
The availability of adequate amount of oxygen is a substantial condition for the proper 
functioning of the nervous system. It is well established that cerebral anoxia may cause severe 
and irreversible neuropsychological and neuropathological impairments, affecting memory, 
visuospatial functions, and personality (Caine et al. 2000). Hypoxia also induces early and 
reversible dysfunction in mental performance. Most of the related studies revealed deficits in 
higher cognitive operations, including attention, executive functions, and memory (Nelson et 
al. 1990, Regard et al. 1991, Bartholomew et al. 1999). However, results show a definitive 
degree of controversy, which is particularly prominent regarding the question of early visual 
functions. While initial reports showed increased luminance thresholds in target detection 
tasks (Kobrick et al. 1983), later studies have failed to demonstrate visual contrast sensitivity 
(VCS) impairments (Kobrick et al. 1988, Davis et al. 1995). It is generally concluded that 
early (preattentive) visual functions are less altered by hypoxia, while attentive processes are 
markedly disrupted (Stivalet et al. 2000). In contrary, Flower et al. (1997) proposed that 
prolonged reaction times from visual detection tasks are based on the impairment of early 
visual information processing. Finally, Schlaepfer et al. (1992) found improved reading speed 
during a rapid and mild hypoxic challenge, which suggests that exposure to hypoxia, does not 
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invariably impair mental performance. To gain more insight into this important and 
controversial area of research, we measured static and dynamic VCS at a simulated altitude of 
5500 meter. This altitude provided a marked hypobaric hypoxia, which induced impaired 
attentional - executive processes in a previous experiment including a visual discrimination 
task (Czigler et al. 1999). 
Materials and methods 
Subjects 
Fourteen healthy male subjects with normal or corrected-to-normal visual acuity participated 
in the study (mean age: 32 years). All volunteers gave their written informed consent. The 
experimental protocol has been consented by the Ethical Committee of the Albert Szent-
Györgyi Medical Center, University of Szeged. 
General arrangement of the experiment 
The experiment included the following steps: (1) practice trials (data not included in the 
analysis); (2) measurement of baseline VCS in each participant (first control); (2) 
measurement of VCS after 5,10, and 15 min hypoxia exposure in a hypobaric chamber (5500 
m, 0.5 atm, 21 °C); (3) measurement of VCS immediately after the normalisation of oxygen 
pressure (second control). In this way, we employed 2 normal (control) and 3 hypobaric 
hypoxic conditions. Arterial blood oxygen saturation, blood pressure, heart rate and ECG 
were closely monitored and registered, and a skilled physician was present in the chamber 
during the experiment. The contact between the participant and the experimenter was 
maintained with an audiovisual system. The display was located outside the chamber. 
Results 
The participants tolerated well the hypobaric hypoxic condition and reported no subjective 
feeling of visual problems. In this condition, however, we observed a marked alteration in 
VCS functions. First, raw data were loge transformed and were entered into a 5 (condition) by 
2 (TF) by 9 (SF) analysis of variance (ANOVA). There were main effects of condition 
(F(4,63)=12.30, pO.OOOl), TF (F(l,63)=5.05, p<0.05), and SF (F(8,504)=369.09, p<0.0001). 
The condition by SF and the TF by SF interactions were also significant (F(32,504)=1.96, 
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p<0.002 and F(8,504)=68.42, p<0.0001, respectively). All other interactions remained below 
the level of statistical significance (p>0.1) (Fig. 1). 
To explore the origin of the condition by SF interaction, 3 separate ANOVAs were 
conducted. First, the above-described 3-way ANOVA was used with 4 conditions (the first 
control and the 3 hypoxic conditions). This ANOVA indicated main effects of group 
(F(3,50)=14.82, p<0.0001), TF (F(l,50)=4.65, p<0.05), and SF (F(8,400)=292.69, p<0.0001). 
While the TF by SF interaction was significant (F(8,400)=49.44, p<0.0001), the condition by 
SF interaction was not (p=0.98). When the two control conditions were compared with the 3-
way ANOVA, there was again a main effect of condition (F(l,26)=9.08, p<0.01), and the 
condition by SF interaction was also significant (F(8,208)=3.61, p<0.001). Post hoc t-tests 
indicated that the difference between the two control conditions was the largest at the highest 
SFs (static: 7.2 c/deg: t(26)=-2.05, p=0.05; 14.3 c/deg: t(26)=-2.06, p<0.05; dynamic: 14.3 
c/deg: t(26)=-3.50, p<0.002, all other SFs: p>0.1) (Fig. 1). Finally, when the hypoxic 
conditions were compared with the second control, there was a main effect of condition 
(F(3,50)=3.91, p<0.02). Again, the condition by SF interaction was significant 
(F(24,400)=2.31, pO.OOl). In addition, the condition by TF interaction also reached the level 
of statistical significance (F(3,50)=2.83, p<0.05). When static and dynamic VCS values were 
averaged across the SF and were compared with t-tests, the dynamic values exceeded the 
static values in one and only condition: after 10 min of hypoxic exposure (t(12)=-3.16, 
p<0.01; in all other conditions p>0.1) (Fig. 2). 
Spearman's correlation coefficients (R) were calculated between the arterial blood 
oxygen saturation and the VCS values. In both static and dynamic conditions, there were 
significant negative correlations at low and medium spatial frequencies (Table 1). 
Discussion 
We found significantly increased VCS values in a hypobaric hypoxic condition achieved by a 
simulated altitude of 5500 meter. This finding contradicts to earlier reports (Kobrick et al. 
1983, Kobrick et al. 1988, Davis et al. 1995), and supports the view that not all perceptual and 
cognitive functions are impaired during short hypoxic challenge. Potentially, at least three 
specific factors may contribute to this controversy: the degree of altitude, duration of hypoxic 
challenge, and stimulus luminance. For example, Davis et al. (1995) found degraded visual 
acuity after 30 min of 4300 meter, but VCS remained unaltered during the whole testing 
procedure. Kobrick et al. (1998) used a very high altitude (25000 feet) in a gradually 
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ascending manner and again found no CS alterations. In contrary, we observed a marked 
increase even after 5 min of hypoxic exposure, which was sustained during the whole 15 min 
of experiment and promptly returned near to the baseline level after the normalization of 
oxygen pressure, with the exception of highest SFs. It is also possible that different luminance 
levels contributed to the heterogeneity of results, since higher luminance levels are less likely 
to be affected by hypoxia (Kobrick et al. 1988). Nevertheless, increased VCS function in 
hypoxic conditions has never been documented before. 
Although VCS is fundamentally considered as an index of early visual processing 
(mainly including retinal factors) (Campbell et al. 1983), it cannot be excluded that attention 
factors contributed to our findings. However, it is generally reported that vigilance is impaired 
or unaltered in hypoxic conditions (Bartholomew et al. 1999), which can hardly explain 
increased VCS. In a previous visual discrimination task performed in the same chamber with 
the same experimental design, subjects showed significantly impaired attention functions 
(Czigler et al. 1999). Further studies are warranted to clarify the potential contribution of 
attention to altered visual sensitivity under hypoxic conditions. 
The physiological effects of hypoxia on the visual system are poorly understood 
despite its significance in clinical research and in applied sciences such as aviation and space 
medicine. Electrophysiological experiments investigating the cat retina revealed a marked 
resistance to decreased oxygen availability (Linsenmeier et al. 1990). In general the outer 
retina is more sensitive to hypoxia, because of the high oxygen consumption of 
photoreceptors and the poor vascular regulation therein. Retinal hypoxia has significantly 
contribution to various clinical states such as diabetic retinopathy. Harris et al. (1996) found 
that hyperoxia improved VCS in patients with early diabetic retinopathy, while such effect 
were not observed in normal controls. It can be that mild and transient hypoxia increases 
retinal sensitivity, whereas chronic prolonged states with irreversible tissue alteration lead to 
visual loss. Recent reports suggested that abnormal oxygen supply of the outer retina might 
play a role in the development of photoreceptor dystrophies (Stone et al. 1999). It is of 
particular interest that hypoxia may be a protective factor in some circumstances (Bowers et 
al. 2001). Schmeisser et al. (1997) found that prolonged heavy exercise at higher altitudes 
(4200 m) was accompanied with a decrease in visual acuity; while at moderate altitudes (2200 
m) there was a decrease in electroretinographic photopic flicker responses indicating a shift in 
retinal cone physiology. The method of the present study allowed us to measure VCS at 
multiple static and temporally modulated SFs. It is of particular interest that the level of 
arterial oxygen saturation correlated inversely only with the VCS values obtained at low and 
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medium SFs, but not at high SFs. This effect is not due to the restricted variance of VCS data 
at higher SFs (Table 1). In general, the hypoxic challenge did not increase VCS in a strong 
SF- or TF-specific manner. However, when the hypoxic conditions and the second control 
were compared, there was a more pronounced elevation for dynamic values after 10 min of 
hypoxic exposure, which appeared as a condition by TF interaction (Fig. 2). This finding, 
together with the selective correlation data and the lack of rapid normalisation at high SFs, 
raises the possibility that visual subsystems with characteristic spatial and temporal properties 
(i.e. the magno- and parvocellular channels) may be differentially affected by hypoxia 
(Lennie 1980, Bassi & Lehmkuhle 1990). 
Conclusions 
Hypobaric hypoxia markedly improves static and dynamic VCS. The degree of improvement 
at low and medium SFs (0.5-4.8 c/deg) inversely correlates with the arterial blood oxygen 
saturation. The relationship of the VCS improvement with attention alterations and visual 
magno- and parvocellular functions warrants further investigation because of its potential 
clinical importance. 
Table 1. Correlation between contrast sensitivity and arterial blood oxygen saturation 
SF R static p static R 
dynamic 
P 
dynamic 
SD 
static 
SD 
dynamic 
0.5 -0.61 <0.0001 -0.44 <0.0002 0.93 0.42 
1.2 -0.60 <0.0001 -0.61 <0.0001 0.83 0.37 
1.9 -0.58 <0.0001 -0.55 <0.0001 0.74 0.41 
2.9 -0.51 <0.0001 -0.59 <0.0001 0.68 0.45 
3.6 -0.41 <0.0005 -0.50 <0.0001 0.67 0.48 
4.8 -0.30 <0.02 -0.43 <0.0005 0.62 0.50 
5.7 -0.19 >0.1 -0.10 >0.1 0.59 0.51 
7.2 -0.10 >0.1 -0.13 >0.1 0.68 0.61 
14.3 -0.11 >0.1 -0.14 >0.1 0.89 0.91 
SF - spatial frequency (c/deg), R - Spearman's correlation coefficient, SD - standard deviation 
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Fig. 1. Mean static and dynamic visual contrast sensitivity (VCS) in hypobaric hypoxic 
states and in two control conditions. The duration of hypoxic exposure and the corresponding 
mean arterial blood oxygen saturation are also shown. 
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Fig. 2. Static and dynamic visual contrast sensitivity from the hypoxic and control 
conditions. Data are collapsed across the spatial frequencies tested. The duration of hypoxic 
exposure and the corresponding mean arterial blood oxygen saturation are also shown. 
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Study 3. 
Spatial contrast sensitivity of migraine patients without aura 
Abstract 
Visual disturbances are frequent symptoms in migraine. Since there is a possibility of separate 
damage in the magno- or parvocellular visual pathway in migraine patients, we performed a 
study including the assessment of static and dynamic spatial contrast sensitivity on 15 
common migraine patients under photopic and scotopic conditions. Fifteen healthy volunteers 
without primary headache served as controls. The results revealed a marked decrease in 
contrast sensitivity at low spatial frequencies in the migraine patients, although static 
stimulation under photopic conditions also indicated a slight decrease also at higher 
frequencies. Contrast sensitivity demonstrated a marked lateralization, as the sensitivity to 
low spatial frequencies obtained through the eye on the symptomatic side was significantly 
inferior to that obtained through the fellow eye. 
These findings suggest that the mechanisms responsible for vision at low spatial frequencies 
are impaired in migraine patients. This suggests an impaired function of the magnocellular 
pathways in this disease. 
Introduction 
Visual symptoms are common in migraine. The most striking ones appear in the aura, 
frequently involving with transitional blurred vision, homonymous hemianopsy, scotomas or 
photophobia (for reviews, see Chronicle & Mulleners 1996, Schoenen 1998). These 
phenomena obviously signal the involvement of visual retino-cortical mechanisms in the 
pathophysiology of migraine. The major question still remains, however, of whether the 
parallel parvo- and magnocellular visual pathways are equally affected in this condition or 
there is a preponderance of magnocellular malfunctions in migrain-associated visual 
phenomena (Coleston et al. 1994, Khalil 1991). The answer to this question is greatly 
hindered by the difficulty in distinguishing between magnocellular and parvocellular 
dysfunctions in human clinical investigations (Bassi & Lehmkuhle 1990). Nevertheless, it is 
generally held that the parvocellular pathway dominates in the information transfer at high 
spatial frequency (SF) and low temporal f requencyjTF) , while the magnocellular pathway 
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conveys information at low SF and high TF (Shapley et al. 1982, Merigan et al. 1993). This 
warrants the application of contrast sensitivity measurements in migraineurs. 
The use of scotopic stimulating conditions was indicated by animal experiments in which 
visual stimulation at low SFs and under scotopic conditions excited predominantly 
magnocellular ganglion cells in the retina (Purpura et al. 1988, Lee et al. 1997). Scotopic tests 
have been employed in several human studies in the search for pathological alterations in 
human magnocellular functions (Schefrin et al. 1999, Drum et al. 1986). With regard to these 
facts, we set out to compare photopic and scotopic spatial contrast sensitivity functions in 
migraine patients without aura. To increase the sensitivity of these examinations, both static 
and dynamic contrast sensitivity functions were tested. 
In this study we employed both monocular and binocular testing. This approach could provide 
data to the major question of whether the altered visual processing in migraine patients is due 
to cortical or precortical mechanisms (Coleston et al. 1994). Electrophysiological experiments 
indicated some visual interictal abnormalities in migraine, related to the laterality of the visual 
aura (van der Kamp et al. 1996). In this regard the appearance of an interocular asymmetry in 
spatial contrast sensitivities might be of considerable theoretical importance. 
Subjects and methods 
The patients enrolled in the study were 15 women with common migraine. The visual acuity 
was 1.0 in all cases. The age-range was 18-53 years, with a median age of 31 years. The 
duration of the illness ranged between 1 and 25 yrs, with a median value of 10 years. The 
patients were diagnosed according to the criteria of the International Headache Society 
(1988). All subjects underwent detailed neuro-ophthalmological examinations, including 
physical examination, CAT scan, blood chemistry, ophthalmoscopy and visual perimetry. 
Only patients with no other neurological or ophthalmological diseases were included in the 
study. The control group comprised 15 age-matched female volunteers with good vision and 
without neurological symptoms or primary headache. 
Results 
Spatial contrast sensitivity functions revealed considerable deviations in migraine patients 
(Fig. 1). These were most marked at sensitivities measured at low SFs and under scotopic 
conditions. Photopic spatial contrast sensitivity functions failed to show significant 
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differences between the eyes on the symptomatic and the non-symptomatic side of migraine 
patients when tested with static visual stimuli. However, significant differences (F =(1,28) 
7.34, p < 0.05) were detected only when sensitivities in the low SF range were compared 
(between 0.5 and 3.6 cycle/degree). 
Similarly, when the contrast sensitivity functions for the symptomatic eyes of the patients 
were compared with the right eyes of the control subjects, no difference was found. Again, 
when the contrast sensitivities in the low SF range were compared, highly significant 
differences were detected (F= (1,25) 55.749 p< 0.0001). Similarly significant differences in 
sensitivity were seen between the non-symptomatic eyes of migraineous patients and the left 
eyes of the control subjects (F=(l,25) 21.929, pO.OOOl). 
Under photopic dynamic conditions the static contrast sensitivity values indicated similarly 
significant differences in the low SF range between the symptomatic and the non-
symptomatic side of the migraineous patients (F= (1,27) 13.04, p<0.005). When the values 
obtained over the eyes on the symptomatic side of the migraineous patients were compared 
with those obtained over the right eyes of the control subjects, ANOVA demonstrated highly 
significant differences (F=(1.27) 105.28, p<0.0001). The differences between the non-
symptomatic eye of the migraineous patients and the left eyes of the control subjects were 
also significant (F= (1,20) 71.053, p< 0.0001). 
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Fig. I. Spatial contrast sensitivity functions of migraine patients and control subjects (A) 
photopic contrast sensitivity estimated by static stimulation and (B) photopic contrast 
sensitivity functions estimated by dynamic method. Control subjects, open symbols; migraine 
patients, filled symbols; • , • , through the more sensitive eye, and A through the less 
sensitive eye. (C) scotopic spatial contrast sensitivity estimated by static stimulation and (D) 
scotopic spatial contrast sensitivity estimated by dynamic stimulation. Control subjects o, 
migraine patients • , * and ** mark significant differences to the corresponding eyes of 
control subjects on the 0.05 and 0.001 probability levels, respectively, x and ** denote 
significant interocular contrast on the 0.05 and 0.001 probability levels, respectively. Values 
are shown as mean ±S.E.M. 
Under scotopic conditions, only the binocular spatial contrast sensitivities were compared in 
both the static and in the dynamic tests. Under these conditions, spatial contrast sensitivity 
functions with low-pass filter characteristics were obtained. Accordingly, significant 
differences were found between the migraineous and control spatial contrast sensitivity values 
in the dynamic test both in the low SF range (F= (1,23) 92.29, p<0.0001), and over the whole 
SF range between 0.5 and 3.6 cycle/degree. Similarly significant differences were seen in the 
static tests under scotopic conditions. Since the contrast sensitivity in the low SF range 
dominates in these curves, ANOVA showed similarly highly significant differences both in 
the low SF range (F= (1, 23) 87.23, p<0.0001) and over the whole range of frequencies tested 
(F= (1,23) 89.64, pO.OOOl). 
27 
Discussion 
Our results show significant changes of spatial contrast sensitivity in patients with migraine 
without aura. A particularly noteworthy reduction was found in the low SF range. In view of 
the well-known dominance of the magnocellular pathway in the transmission of visual 
information in the low SF range (Shapley et al. 1982, Merigan et al. 1993), this may suggest 
impaired magnocellular visual functions in migraine patients. The finding that the decrease in 
the contrast sensitivity in the migraine patients was especially marked under scotopic 
circumstances further substantiates this evidence. The magnocellular ganglion cells in the 
retina (Kaplan & Shapley 1986) and in the dorsal lateral geniculate nucleus (Derrington et al. 
1984, Hicks 1983), and the cells in layer 4C (Hawken 1984) display a similar contrast 
sensitivity function to that observed in humans under scotopic circumstances. There is other 
evidence, too that the scotopic vision is impaired after magnocellular damage (Drum et al. 
1986, Wolf et al. 1996). Our finding therefore seems to support the notion that there could be 
an asymmetric disturbance in the function of the parallel visual pathways of migraine patients 
without aura. The temporal contrast sensitivity in migraine patients has already been studied 
and, in concert with our conclusions, a definite reduction of this function in migraine with 
aura has been found (Khalil 1991). 
It remains to be settled whether the weaker contrast sensitivity at low SF represents 
a cortical or precortical mechanism. It is interesting from this respect that we found significant 
interocular side differences in the interictal measurements of contrast sensitivity in the 
migraine patients. This provides evidence for a retinal manifestation of the pathophysiological 
processes accompanying migraine. Several factors could cause the retinal symptoms in these 
conditions. The first could be asymmetry of the ocular blood perfusion in migraine patients. 
However, no data are available on retinal perfusion in this disease group. The second factor 
that could explain the interocular differences is asymmetry in the neuromodulator functions of 
the eyes. Dopamine could be a candidate for this since it is produced in abundance in the 
retina, predominantly in the amacrine cells of the outer plexiform layer (Frederick et al. 1982, 
Pourcho 1982). Interictal hypersensitivity of the dopamine receptors was earlier described in 
migraine patients (see the review by Mascia et al. 1998) and magnocellular visual deficits 
have been reported in Parkinson's disease (Bodis-Wollner & Yahr 1978). Thus, dopaminergic 
mechanisms might be responsible for the predominance of magnocellular defects observed in 
migraine patients. Besides dopamine several other neuromodulator mechanisms could also be 
responsible for the pathological functions during migraine. Both the excitatory substance P 
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and the vasodilatator CGRP have been stated to be produced by different subtypes of 
amacrine cells (Cuenca & Kolb 1998, Kiyama et al. 1985, Morgan et al. 1994, Boelen et al. 
1994, Boelen 1991). Nevertheless, no migraine-related interocular asymmetry in any 
neuromodulator functions is available to substantiate this hypothesis. 
The findings that there is an eye to eye side-difference in the contrast sensitivity of migraine 
patients is certainly not in contradiction with the known interhemispheric differences in a 
series of parameters, including visual evoked potential studies measured interictally or ictally 
in migraine patients (Boles 1993, Boiardy et al. 1988). The interocular and interhemispheric 
differences could represent two independent pathophysiological processes or, alternatively, 
could be in relationship with the dominance of contralateral eyes in determining hemispheric 
responses (Barett et al. 1976). The visual evoked potential studies by Tagliati et al. (1995) and 
Shibata et al. (1997) demonstrated significant side differences in hemianopic migraine aura. 
The evoked potential studies by Oelkers et al. (1999) presented evidence for interictally 
persisting dysfunctions of the precortical visual processing in interictal conditions. Positron 
emission tomography, however, failed to indicate any side difference during the visual aura of 
classic migraine, while there was a 40% overall decrease in the regional cerebral blood flow 
(Diener 1999). At any event, the interocular differences in contrast sensitivity can be regarded 
as evidence for a precortical site of action in the pathophysiology of this disease, a hypothesis 
raised earlier (Coleston et al. 1994). Cortical afflictions in migraine patients have already been 
widely described. Studies on retinal or optic tract abnormalities, however, are rather rare. Our 
findings lead us to suggest that a thorough investigation of the visual phenomena 
accompanying migraine might promote our knowledge concerning the pathomechanism of 
this painful condition. 
29 
Study 4. 
Impaired visual contrast sensitivity and concentrically narrowed visual fields in 
headache patients with primary empty sella syndrome 
Abstract 
The aim of the study was to assess visual deficits in patients with primary empty sella 
syndrome. Altogether 15 cases of primary empty sella syndrome were diagnosed in the 
clinical workup of continuous holocranial headache during the last 5 years. These patients had 
predominantly preserved visual acuity did not show any major neurological deficits. Detailed 
neuro-ophthalmological evaluation including automated visual contrast sensitivity 
measurements and automated perimetry, rather uniformly demonstrated signs of visual 
deficits characterized by impaired contrast sensitivity and concentric narrowing of the visual 
field. These findings indicate that empty sella syndrome may lead to visual symptoms similar 
to those observed in benign intracranial hypertension. 
Introduction 
The diagnosis of primary empty sella syndrome (ESS) is based on radiological findings 
characterized by an arachnoid herniation filled with liquor that compresses the pituitary 
against the sellar wall (Sage et al. 1980, Spaziante et al. 1981). ESS occurs particularly in 
obese, hypertensive women (Jordan et al. 1977); it is often asymptomatic but it may be 
associated with ophthalmologic, neurologic and sometimes non-characterizing endocrine 
disorders (Guinto et al. 2002, McFadzean 1983, Braatvedt & Corall 1992). Neuro-
ophtalmological aspects of ESS, however has not yet been previously studied. 
We report here 15 cases of primary ESS that had been referred to our electrophysiological 
laboratory because of continuous holocranial headache without any major neurological 
deficits or ophthalmological signs. 
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Methods 
Clinical data on a total of 15 ESS patients (11 women and 4 men) are presented here (Table I). 
Their ages ranged between 21 and 74 yrs (mean: 49.87 yrs). All these patients had presented 
at the neurological department because of their continuous holocranial headache, which 
greatly interfered with their daily life. 
Visual acuity Visual field Intraocular 
No Name Gender Age at Length of with deficit pressure Accompanying 
conclusion visual correction residual deg Hgmm diseases or 
yrs symptoms symptoms 
in yrs R L N T R L 
1. T. Sz. ? 66 3 yrs 0.6 0.5 10 10 18 18 Hypertension, 
diabetes, glaucoma 
2. K. S. 9 44 5 yrs 1.0 1.0 30 50 16 16 Diabetes, 
hypertension 
3. E. A. 9 21 3 yrs 1.0 1.0 15 20 14.5 18 Pituitary adenoma 
4. H.I. s 53 5 yrs 1.0 1.0 40 60 20 20 Amaurosis fugax 
5. T. M. 9 74 5 yrs 0.5 0.5 30 30 Ischaemic 
cerebropathy 
6. V. S. 9 52 8 yrs 0.8 IP 5 5 20 12 Glaucoma 
7. Cs. A. 9 52 5 yrs 1.0 1.0 15 20 18 17 
8. T. S. 9 44 4 yrs 1.0 1.0 20 20 
9. C. L. 9 47 4 yrs 1.0 1.0 10 10 
10. S. F. â 46 6 yrs 1.0 1.0 20 20 18 20 
11. B. E. 9 53 5 yrs 1.0 hmp 20 20 17 17 Arachnoid cyst 
12. H. S. 9 53 6 yrs 1.0 1.0 10 15 14 17 Early hair graying 
13. M. I. 3 46 4 yrs 1.0 0.8 40 50 21 26 
14. F. I. â 57 7 yrs 1.0 0.8 5 5 20 18 
15. P. Gy. 9 40 6 yrs 1.0 1.0 10 10 14 16 Vertigo, postural 
Hypacusis 
All underwent a battery of routine neurological physical examination procedures. 
Radiological examination included MRI recordings of the brain, which in all cases proved the 
diagnosis of ESS. Ophthalmological examination consisted of ophthalmoscopy, the recording 
of visual acuity, the assessment of intraocular pressure and visual perimetry with a Tuebingen 
perimeter. Electrophysiological tests (electroretinogram and visual evoked potentials) were 
performed according to the ISCEV standards. 
The control group comprised 15 age-matched female volunteers with good vision who had no 
history of any neurological illness or primary headache. 
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Results 
Ophthalmological findings 
All patients had visual complaints, such as transient visual loss or blurring of vision, which 
had been going on for 3 to 8 years (mean: 5.1 yrs). Visual acuity was generally good or only 
mildly impaired (corrected visual acuity was 1.0 in 21 of the 30 eyes of the 15 patients, 0.8 in 
3 eyes, and 0.5-0.6 in 4 eyes. In 2 patients, only residual light sensitivity (hand-movement 
perception or light perception was found in one eye, with rather good vision (1.0 and 0.8) in 
the contralateral eye. The reason for this impairment was retinal ablation in one case and 
amaurosis fugax in the other (Table I.). 
The intraocular pressure was found to be in the normal range in all but one case. 
Ophthalmoscopic examination revealed no pathological signs in most of the cases (13 of the 
15). Mild papilledema was found in one case, and a decolored papilla in another. 
Neurological findings 
All patients 15/15 (100%) had continuous, holocranial headache. Otherwise no neurological 
signs were observed. 
Co-morbidity 
Eight of the 15 patients had mild medically compensated accompanying diseases, including 
diabetes (N=2; 13%) glaucoma (N=2; 13 %) and hypertension (N=7; 46%). Detailed clinical 
data about medications are included in table 1. 
Electrophysiological findings 
The ERG and visual evoked potentials were normal in all cases. All the patients exhibited a 
considerable deficit of the visual field, characterized mostly by a concentric narrowing. The 
visual field was constricted to a radius of 10° or smaller in 6 cases, 20° or smaller in 4 cases, 
and 30° in 4 cases; in one case the total lower hemifield was defective. 
Contrast sensitivity 
Both the photopic and the scotopic visual spatial contrast sensitivity revealed deterioration in 
all patients. The average photopic visual spatial contrast sensitivity proved to be decreased at 
all SFs. ANOVA demonstrated significant differences between the values obtained in the 
patient group versus those in the control group (p<0.001). The post-hoc comparison revealed 
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a significant impairment of the contrast sensitivity in the patient group at all SFs examined 
(p<0.01) (Fig., 1A). 
The scotopic contrast sensitivity functions similarly indicated a significant effect of the 
pathological conditions. ANOVA furnished significant differences between the patient and 
control group values (pO.OOl). Post-hoc analysis likewise yielded significant differences 
between the values obtained on the patients and on the control group (pO.OOl) (Fig. IB). 
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Fig. 1. Photopic (A) and scotopic (B) spatial visual contrast sensitivities in the patient group 
( • ) and control group ( • ). Abscissa: spatial frequency values in cycles/degree. Ordinate: 
Visual spatial contrast sensitivities. Vertical bars indicate standard error of mean (S.E.M) 
values. Asterisks indicate significance values at 0.05 (*), 0.01 (**) or 0.001 (***) level. 
Discussion 
Our results showed that the group of headache patients with primary ESS displayed 
characteristic, consistent visual deficits, and impaired visual spatial contrast sensitivities. 
Such an impairment of the visual spatial contrast sensitivity is in contrast with the preserved 
visual acuity of these patients, who otherwise might have definitive visual complaints. 
The decreased contrast sensitivity was in most cases accompanied by severely and 
concentrically constricted visual fields. Earlier clinical reports on ESS emphasised mostly its 
radiological (Sage et al. 1980), neurosurgical or endocrinological aspects (Jordan et al. 1977). 
Relatively few studies have dealt with its relationship to visual and neurological aspects. In 
some cases severe visual field defects have been described in ESS patients, that was localized 
characteristically to the upper temporal quadrant (Fusco et al. 1988); other reports did not 
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mention visual field defects, but sometimes mild visual symptoms (see Braatvedt & Corall 
1992 for a survey). No detailed study has previously been performed on headache patients 
with clinically diagnosed ESS by using modern visual techniques such as automated 
perimetry combined with computer-supported contrast sensitivity measurements. No study at 
all has dealt with the scotopic vision of these patients either. These could be reasons why the 
association of these two phenomena has not been revealed earlier. 
Our perimetry studies demonstrated predominantly a concentric narrowing of the visual field. 
This type of visual defect has repeatedly been reported earlier in patients with benign 
intracranial hypertension, though in only a small proportion of the cases (Brodsky et al. 
1998). Concentric narrowing of the visual field is usually regarded as a rare, but serious side 
effect of Vigabatrin treatment (Lawden et al. 1999). This phenomenon is also known to occur 
in other diseases, such as hysteric amblyopia (Sletteberg et al. 1989, Berman & Levi 1975), 
optic atrophy (Amemiya & Honda 1994, Miki et al. 1997) and after trauma-based brain 
injuries (Langerhost & Safran 1998). 
We propose that the alteration of contrast sensitivity, the constricted visual fields and the 
axonal damage might be due to direct or indirect effect of intracranial hypertension. This 
hypothesis is confirmed by several previous research findings, while ESS is often associated 
with a transient or continuous increased intra cranial pressure (Davis et al. 1978, Foley 1975, 
de Vries Knoppert 1986, Takanashi et al. 2001, Britton et al. 1980, Weisberg 1985). There is 
evidence from animal studies concerning the effect of direct compression on the anterior 
visual system, though there are conflicting reports as to which fiber type is most susceptible. 
In the cat, on optic nerve pressure block has been shown to selectively disrupt large-diameter 
(magnocellular) fibers (Burke et al. 1998). Reese and Cowey (1989) found, however, that a 
suprasellar meningioma in a macaque monkey, which compressed the optic nerves, chiasm 
and tracts dorsally, caused a selective loss of smaller diameter (parvocellular) fibers. In our 
cases, the contrast sensitivity was decreased in almost the whole SF range studied. Hence, our 
observations do not support any selective lesion of either the magno- or the parvocellular 
pathway in this group of patients with ESS. This is in line with the report of Gutowski et al. 
(1997) on patients with suprasellar meningeomas. During our observation period none of our 
patients displayed any clinical signs of increased intracranial pressure besides headache. The 
optic tract lesion, however, is typical of those reporting increased intra cranial pressure in 
their case history. This strengthens the conclusion that increased local intra cranial pressure 
could play an important role in the patomechanism of ESS and the presence or severity of 
visual symptoms could be the measure of different stages of the disease. 
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Discussion 
Overview on the parallel processing of visual information. 
The classical view on visual pathways used a rather simplified scheme that originated from 
the retina was relayed in the lateral geniculate body and projected to the primary visual 
cortex. These schemes had been accepted generally, since Schultze (1866) described the 
duality of vision theory in the XlXth century based on his observations concerning scotopic 
and photopic vision. Now the parallel processing of visual information is a term used in the 
context that different properties of the visual scene are analysed concurrently and to some 
degree independently. Several separate lines of thought promoted our ideas about the parallel 
organization of vision. 
1. Trevarthen (1968) and Schiller (1969) published independently their theory on the duality 
of vision based on animal experiments. Schiller's theory was based on the separation of 
tectal and geniculocortical visual information. This duality exists already on certain levels 
of phylogenesis, although tectal vision emerges rather often even in human context. 
Schiller (1968) proved in his experiments with hamster that tectal and geniculo-cortical 
pathways processes different information context. Trevarthen (1969) based his theory on 
the duality of focal and ambient vision. Focal vision exists in diurnal primates. It 
represents a detailed visual representation with high angular resolution (minute of arc). 
The focal vision is sensitive to position, orientation, luminance or hue. It is also called 
foveal, since its appearance is connected to the appearance of fovea in the phylogenesis. 
The ambient vision of Trevarthen (1969) is also called global vision. It is characterized by 
low angular resolution for stationary features and low sensitivity to relative position, 
orientation, luminance or hue. In contrast to these there exist a high sensitivity to change 
in these parameters. Peculiarity of the ambient (global) vision is that there is little change 
under scotopic conditions. 
2. Parallel processing of visual information is based on the existence of different neuronal 
groups in the retina, in the lateral geniculate body (CGL) and in the cortex. The neuronal 
groups of different sizes are associated with axonal classes of different sizes. Crucial 
observation was in context to this that neurons of different sizes are ordinarily connected 
to the neurons of the same size. Based on these the X, Y and W classes of cells have been 
found in the cat visual system and M(agnocellular), P(arvocellular) and K(oniocellular) 
neuron classes have been described in primates. 
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3. Human pathological cases suggest that certain functions are connected to circumscribed 
regions of the cerebral cortex. Typical example is the phenomenon of prosopagnosia, i.e. 
the inability of certain individuals to recognize faces while having no trouble in any other 
fields of visual processing. This means that there is a parallel processing of sensory 
information at least in the cortico-cortical processing. 
4. Ungerleider and Mishkin (1982) described a "dorsal" and a "ventral" stream of visual 
information processing based upon imaging studies. They proved e.g. that visual functions 
in connection to visual stimulus localization are performed predominantly by parietal 
cortical areas, while tasks aiming at recognition of familiar objects activate predominantly 
temporal visual areas (like the inferotemporal cortex) 
Since the subject of the dissertation concerns mainly the distinction between neuronal groups 
based upon their size, in the following we detail the physiological properties in connection to 
this distinction. Already Cajal recognised in 1893 the morphological diversity of retinal cells. 
Polyak (1941) classified retinal cells by the size and by the size and shape of the dendritic 
tree. Although the functional heterogenity of ganglion cells was emphasised by Granit (1955) 
in his early works on cat and frog retinas, the concept of parallel processing aroused little 
interest until Enroth-Cugell & Robson (1966) characterized the X- and Y-cells of the cat. The 
discovery of W-cells is attributed to Hoffmann and Stone (1985). The crucial point in 
discovering parallel visual pathway was that large cells in the retinal are exclusively 
connected to large cells in the geniculate body and so on. 
The existence of separate visual pathways in the primate brain has been proved by both 
anatomical and physiological methods (for reviews see Lennie 1980 and Shapley 1990). 
A couple of physiological functions are sensitive to distinctions between X, Y and W or M, P 
and K cells including spatial contrast sensitivity function (CSF), temporal contrast sensitivity 
function (CSF), velocity sensitivity, visual responsive transience and chromatic sensitivity. 
The large cells of the cat are designated as Y-cells, while those in primates are named 
as M (magnocellular) cells, the terms: Y-like or parasol cells are similarly widely used. Their 
receptive field diameter is rather large which is associated with a low spatial resolution ability 
and linearity in spatial summation. In contrast, large cells exhibit higher contrast sensitivity 
and temporal resolution than other types of visual cells. The visual responses of these cells are 
of phasic character. These large cells whenever they located have the unique properties that 
are specifically sensitive to motion. 
The medium-cells of the cat include X, cells, while this type of cells is called P 
(parvocellular) in primates. In some context either the term X-like or midget is used. These 
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cells are characterized by small receptive field diameter, high spatial resolution, relatively low 
contrast sensitivity and temporal resolution and tonic response to stimulation. In some species 
chromatic opponency have also been observed by these cells. 
Finally, the small cells in the cat visual system have been designated as W cells. In 
primates the term K (koniocellular) or W-like cells is used. These cells have large receptive 
field diameters, they show low maintained activity and slow conduction velocities (due to 
their thin myelin sheath). The visual onset latencies of the cells are long. 
Overview of our results 
The importance of the parallel visual pathways has been accentuated by reports that certain 
human pathological processes damage selectively either the magnocellular or the 
parvocellular pathway (Bassi & Lehmkuhle 1990; Demb et al. 1998; Steinman et al. 1998; 
Vogt et al. 1998; Vidyasagar & Pammer 1999). The functional characteristics make the 
classification of the differing neuronal populations fairly easy, provided the possibility is to 
record single-unit activity. The situation is much more complicated if we are looking for 
physiological or pathophysiological mechanisms in connection to parvo- or magnocellular 
activity at behavioural level. 
What are the methodological means to distinguish between parvocellular and 
magnocellular visual activity in humans? 
The use of isoluminant chromatic stimuli seems to be reasonable and proved to be useful in 
detecting parvocellular functions. More difficulties arose with magnocellular ones. Several 
attempts have been made to clarify the human magnocellular functions. Various techniques 
and mathematical procedures have been used to assess the relative contribution of visual 
evoked potentials originating from the underlying magnocellular neural mechanisms (Conte et 
al. 1983; Thompson & Drasdo 1992; Baseler et al. 1995; Klistorner et al. 1997; Valberg & 
Rudvin 1997). Similarly, specific stimulation techniques have been introduced. Thus, 
apparent movement stimulation and motion onset stimulation have been employed in some 
physiological and clinical studies (Kubova et al. 1995; Tobimatsu et al. 1995). Likewise, light 
flickering at high frequency and low-contrast has been repeatedly used to distinguish between 
magnocellular and parvocellular functions (Regan 1973, 1989, Nakayama & Mackeben 1982; 
Kulikowski 1991, Fiorentini et al. 1991, Regan & Lee 1993; Klistorner et al. 1997). Pammer 
& Whatley (2001) have introduced the illusion produced by spatial frequency doubling. 
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Recently, recognition of vernier stimuli has been added to these methods (McKendrick et al. 
2002). 
In our studies we succeeded in proving the overlap of scotopic contrast sensitivity at low 
spatial frequencies with magnocellular functions. Our results seem primarily important from 
the methodological viewpoint. Although, Purpura et al. (1988) recognised that only 
magnocellular neurons serve retinal information processing under scotopic conditions in 
monkeys no human study has been devoted to this problem. The only piece of data is that 
scotopic contrast sensitivity has been found decreased among glaucoma patients (Congdon et 
al. 1995). Our results provided evidence for the close connection between magnocellular 
neural activity and scotopic vision. Both psychophysiological and electrographic data support 
this relationship. The relationship is striking when we compare human scotopic contrast 
sensitivity contrast sensitivity of magnocellular retinal neurons. Further, the method proved to 
be sensitive for detecting the selective magnocellular damage in migraine patients and its 
absence of patients with empty sella. 
Our results, thus, suggest a rather sensitive and potentially objective approach to indicate 
magnocellular damage in humans and offer a new methodological tool in the investigation of 
magnocellular functions under clinical circumstances. Only the long dark-adaptation seems to 
be a limiting factor in this aspect, because it makes testing tedious and time-consuming. Still, 
in our migrain study we demonstrated the superiority of scotopic oriented methods in 
detecting magnocellular damage. 
Even in the absence of a sensitive method there are numerous data available on selective 
parvo- or magnocellular damage in various pathological conditions. Magnocellular neurons 
seem to be especially sensitive to increased pressure, hypoxia (Lennie 1980, Bassi & 
Lehmkuhle 1990), senility (Schefrin et al. 1999) and potentially other conditions. First 
magnocellular damages due to increased perineural pressure have been recognised. 
Magnocellular damage has been recognised in glaucoma (Klistorner & Graham 1999) and in 
sellar or orbital tumours (Janaky & Benedek 1992). However, this hypothesis has been, 
severely criticised as glaucomatous neural damage concerns. There are several reports on 
magnocellular damage in schizophrenia (McClure et al. 2001, Butler et al. 2001, Schwartz et 
al. 1999). The selective magnocellular damage in Alzheimer disease or in Parkinson disease is 
questionable (Regan & Maxner 1987, Arakawa et al. 1999). Similarly, there are reports for 
and against the selective magnocellular damage in dyslexic patients (Pammer & Wheatley 
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2001). Selective magnocellular damage has been described originally in melanoma-associated 
retinopathy. Although later selective damage of bipolar retinal cells has been revealed. 
Selective parvocellular damage has been reported in certain forms of amblyopia (Shan et al. 
2000) and in some cases of multiple sclerosis and retinitis pigmentosa. 
This list of disease conditions clearly shows that magnocellular damage in human patients is a 
multifactorial Pathopysiological entity. It is interesting from this aspect that hypobaric 
hypoxia selectively activated mechanisms connected to magnocellular systems in our 
experiments. Our study was the first, detecting early activation of magnocellular mechanisms 
under hypobaric hypoxia. Certainly, longer exposure to the same challenge leads to 
impairment and damage of the same systems. Nevertheless, our results offer a new way of 
investigating magnocellular functions. 
Our clinical studies served with rather interesting results. Two major disease categories have 
been approached in our studies. While, definitive magnocellular impairments have been 
detected in migraine patients without aura, no signs of selective magnocellular damage have 
been detected at patients with empty sella and headache. This contrast is interesting, because 
migraine patients were devoid of visual symptoms, while empty sella patients displayed 
concentric narrowing of the visual field, which suggest definitive visual defects. 
Further studies with a wide variety of patients with headache are needed to clarify this 
seemingly contradictory data. 
1. Our results provided psychophysiological and electrophysiological evidences for the use 
of scotopic contrast sensitivity as a tool in the clinical investigation of magnocellular 
visual functions. We suggest that the decrease of scotopic contrast sensitivity reflects 
impairments of the magnocellular visual pathways. 
2. Our results revealed a hitherto unknown effect of hypoxic hypoxia on visual contrast 
sensitivity. Under hypobaric (1/2 atm) conditions contrast sensitivity shows significant 
improvement in the low spatial frequency range. 
3. Definite contrast sensitivity impairment was observed in the low spatial frequency range 
of contrast sensitivity of migraine patients without aura. These results suggest that the 
pathomechanism of migraine affects selectively the parallel visual pathways. 
Conclusions 
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4. Significant contrast sensitivity impairment in the whole spatial frequency range and 
concentric narrowing of the visual field was observed in headache patients with primary 
empty sella syndrome. These results suggest precaution in the handling of visual 
symptoms of patients with empty sella syndrome. 
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